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Using in vitro release testing (IVRT) to
analyse semi-solid fopical formulations

INTRODUCTION

In vitro release testing (IVRT) has increasingly garnered attention

and weight in product development in recent years. It is also being
harnessed in the regulatory assessment of complex drug products,
such as nanoemulsions, suspensions, multivesicular liposomes and

microspheres.

A key reason for this is that IVRT provides valuable information about
the quality and performance of drug products, and of semisolid
dosage forms in particular. This information includes:

> Identity of the product
» Strength or potency

> Quality

» Purity

» Comparability

» Overall performance

It also serves to provide insights into a formulation during the
development phase and can facilitate the comparison of generic
formulations with the reference-listed drug (RLD) in terms of drug
release profiles.

Although these product performance tests do not directly measure
bioavailability or bioequivalence, they can identify in vitro alterations
that could potentially impact the in vivo performance of the

dosage form.

Regulatory mandates from both the European Medicines Agency
(EMA) and the U.S Food and Drug Administration (FDA) necessitate
the demonstration of acceptable qualitative and quantitative (Q1
and Q2, respectively) similarity between the generic and the RLD'.
This means confirming that the test product contains the same
excipients in the same quantitative composition as the reference
medicinal product, with differences not exceeding +5%2

In a recent project, a product sponsor created prototype
formulations for a semisolid antibiotic topical drug product and
sought support for evaluating their performance. Recipharm used
its IVRT expertise to:

» Develop an IVRT test method
» Verify and validate the test method
» Screen prototype formulations

» Demonstrate the equivalence of a new prototype
product with an existing medicinal product (RLD)

» Interpret results using statistical fools recommended

by regulatory guidelines

In this white paper, we will explore the development of appropriate
IVRT methods for the product sponsor and the results of the testing.
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DEVELOPING AN APPROPRIATE IVRT

Figure 1: A typical IVRT instrument
IVRT is a key method listed in the U.S. Pharmacopeia (USP), including

the general chapter 1724 (Semisolid drug products — performance )
a) Donor solution

tests), for characterising topical, semisolid dosage forms.
It is crucial for: Sampling arm
Donor chamber
> Assessing how composition changes the rate of release
Skin or membrane —&=
> Looking at the effect of viscosity changes on the rate of release

» Monitoring changes in process parameters

P Screening formulations before clinical pharmacokinetic (PK)

or bioequivalence studies Receptor chamber

» Comparing batch formulations to assess scale-up and post-

approval changes Sty

» Waiving clinical endpoint studies for specific generic
formulations in certain cases

» Demonstrating the equivalence of a new protfotype product with b) Donor solution

an existing medicinal product (RLD)
An ideal IVRT method should correlate the changes in the critical Donor chamber Inset
quality attributes (CQAs) of a drug product directly to the drug'’s

release characteristics. In doing so, it should provide valuable

Inlet > — —— > Outlet

information fo ensure batch-to-batch consistency in quality, facilitate

the assessment of post-approval changes and assist with product .
Receptor Skin or

comparison fo support the determination of bioequivalence. e

IVRT involves the use of diffusion cells, which are reliable and
reproducible tools for measuring drug release from semisolid dosage
forms (see Figure 1 and Figure 2). Such testing offers the advantage
of generating data quickly, which can be a cost-effective and
time-efficient alternative to clinical trial testing in many instances. Figure 2: Key components of an IVRT instrument.
As semisolids, in general, present challenges for bioequivalence
evaluation due to the limited drug presence in blood or plasma,

testing clinical samples can be particularly challenging. Additionally, Donor chamber
with semi-solid

dosage form

in vitro results instil confidence in product equivalency and help Fill mark

prevent bio-related issues later in the product’s life cycle.
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Diffusion of API
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Recipharm possesses advanced IVRT equipment that complies with
regulatory requirements, alongside extensive hands-on experience
in in vitro testing and result interpretation. With this infrastructure and
a team of experts, it has a strong track record of completing projects
within strict deadlines.
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THE CASE STUDY — DEVELOPING AN IVRT
METHOD FOR A TOPICAL SEMI-SOLID

The challenge

A product sponsor approached Recipharm for support analysing
prototype formulations of its new drug product — a topical antibiotic
for treating skin infections. The formulations were complex semisolids

designed with a locally acting mechanism in mind.

The sponsor required [VRT to compare the evaluation of its prototype
with the available reference listed drug to prove both formulations are
bioequivalent, according to regulations for product submission.

Project highlights
Recipharm supported the client by providing key
services, including:

» Optimisation of sample preparation procedures
» Selection of suitable analytical techniques for IVRT

» Analytical method validation

To verify the accuracy, repeatability and selectivity of the testing,
Recipharm developed methods capable of detecting even minor
changes that may occur in the formulation and production process.
IVRT methods were created fo detect differences from batch to batch.

Solving the problem

During the process, Recipharm followed several steps, optimising
them for further studies. These included:

OPTIMISING SAMPLE PREPARATION

The success of an in vitro test method depends on the consistent
drug transport from the test sample through a membrane and into
the receiving medium. The optimal experimental parameters will
depend on a drug substance’s physicochemical properties, and
the selection of appropriate membrane, receptor medium and
sampling schedule.

Selection of receptor media:

According to FDA guidance, “appropriate receptor media such

as aqueous buffer for water-soluble drugs or a hydro-alcoholic
medium for sparingly water-soluble drugs”® can be used in in vitro

testing for bioequivalence.

With this in mind, the first task in method development should be to
measure the solubility of the active pharmaceutical ingredient (API)
in question in many solvents to identify the appropriate material
to provide sink conditions in the IVRT receiving vessel. These can
range from aqueous solutions, such as a phosphate buffer solution
(PBS), to hydro-alcoholic solutions, such as isopropanol/PBS-50/50
(v/v). Other solvents include acetonitrile, ethanol and methanol.

Sink conditions exist when a receptor medium has a relatively
“high capacity to dissolve or carry away the drug” and “exceeds
10% of Cs (drug solubility in the releasing matrix) at the end of

the test.” Solvents yielding lower solubilities (less than 100 pg/

mL) should be excluded from further IVRT development. Three
media, including both aqueous-based and hydro-alcoholic-based
solvents, are typically selected for IVRT evaluation.

An acceptable sink condition is one where the maximum
concentration of the active substance in the receptor medium

achieved during the experiment does not exceed 30% of its
maximum solubility in the receptor medium. Sink conditions
normally occur in a volume of medium that is at least 3-10 times
the saturation volume.

Sink conditions must be maintained throughout the process, per EU
criteria, and the receptor solution must be able to dissolve 10 times
the amount of material released at the last sample point.

Recipharm used this process to select appropriate receptor media
to perform effective solubility analysis on the client’s API, with the
following results:

Table 1: Solubility study results

S:No Media ::;'}‘%":\VL
1 pH 7.4 phosphate buffer saline media 22.84
2 pH 3.3 phosphate buffer saline media 4.31
3 pH 3.3 phosphate buffer saline media: Ethanol (80:20)  18.05
4 pH 5.5 phosphate buffer saline media 15.69
5 pH 5.5 phosphate buffer saline media: Ethanol (80:20)  15.23
6  pH 7.4 phosphate buffer saline media: Ethanol (80:20)  18.73
7 pH 7.4 phosphate buffer saline media: Ethanol (60:40)  845.65
8  pH 7.4 phosphate buffer saline media: IPA (70:30) 169.48

Further experiments were performed with different media to
achieve the linear release and to check at least 70% of the active
substance to be released.

Maximum solubility was observed in receptor media pH 7.4
phosphate buffer saline: Ethanol (60:40). Sink conditions were
achieved throughout the experiment.

Selection of membrane:

A membrane must be used in the experiment to separate the
product and receptor medium, ensuring that the tested formulation
remains unchanged throughout the testing period.

The membrane should not be rate-limiting to active substance
release and must be compatible with the drug formulation, with no
risk of binding to the active substance.

There are many choices for membranes, including:

» Recently excised tissue

» Tissue constructs

» Cadaver tissue

» Synthetic membranes

Many factors can influence the selection of an appropriate
membrane for IVRT. For example:

» Compatibility with the test material

» Availability

» Reproducibility

» Cost

» Aim of the experiment

Synthetic membranes have a particular advantage over
alternatives, as they allow confrollable variation in pore size,
thickness and hydrophilicity. Since the major constituent of many

semisolid products is water, hydrophilic/hydrophilised synthetic
membranes are typically used. Some commonly used membranes
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are Tuffryn Supor® (polysulfone), Cellulosic, Acetate Plus® (cellulose
acetate), Nylon, Teflon and Polycarbonate.

During membrane screening, usually three polymeric membranes
with the same pore size are evaluated. In this experiment,
Recipharm initially elected to use two membranes with 100%
sample: the 0.45 um Polycarbonate Nuclepore membrane filter
and the 0.45 pm Nylon membrane filter. The results obtained were
similar for both membranes. The 0.45 um Nylon membrane filter
was used for further study.

Table 3: IVRT drug release profile of test product

Selection of sampling time points and repetition of

experiment with media:

To ensure the maximum drug release, samples should be collected
at different time intervals, from 30 minutes to six hours. Recipharm

repeated the experiment six times (cells 1-6) and collected samples
at appropriate intervals using the following conditions:

Table 2: Conditions used by Recipharm to assess the IVRT
drug release profile of the product

Dose amount About 250 mg

Membrane Nylon (0.45 micron)

Formulations used 100% test (2189)

PDC cell details 10 mL having orifice surface area of 0.64 cm?

Receptor media Phosphate buffered saline pH 7.4: Ethanol (60:40 v/v)

Replacement volume 350 pl partial replacement

Time points (hours) 0.5,10,15,2,3,4,5,6

Linearity range 1.25 pg/ml to 625 pg/mL

The cell arm was capped to prevent evaporation of the receptor
media contained within.

On analysis, the percentage relative standard deviation and
regression were within acceptance criteria, and the release of time
points after six hours was found to be saturated (see Table 3). The
slopes for all cells were within the acceptance criteria (see Figure
3). The observed results for the studied time points were linear,
demonstrating appropriate release.

Diffusion study cumulative drug release/diffused (ug/cm?) for in house batch

0.5 071 16407 17312 1895.0 1694.3 1658.6 1658.6 17131 55
1 1.00 2278.8 2322.8 2203.9 2462.2 30641 2322.8 24425 12.9
15 122 3701.0 36212 3645.0 6343.3 39725 3777.0 3726.7 36
2 1.41 4622.9 43721 4219.7 4186.3 4476.7 4258.7 4356.0 3.9
3 173 6004.9 5642.4 5910.3 5384.6 5644.2 5262.8 5641.5 51
4 2.00 7401.3 6814.5 6504.0 6423.0 6509.3 6386.8 6673.2 58
5 2.24 8450.8 8163.3 7779.0 7546.9 7815.8 72635 78365 5.4
6 2.45 8165.6 86472 90675 8772.5 95517 8669.7 8812.4 53
(Vs.sqi‘;‘:: fime) 42401 4205.5 41933 40135 4167.8 3919.2 41141 31
(nglas.g,‘r"gf”;‘:'n " 0.98 0.99 0.99 0.98 0.99 1.00 0.7
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Figure 3: Drug release profile
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Selection of analytical techniques:
Based on the above trials, the following conditions listed below were finalised for further analysis.

Table 4: Parameter conditions selected for further analysis

Parameter Details

Receptor media Phophate buffered saline 7.4: Ethanol (60:40) %v/v
Temperature 32+0.5°C

Apparatus Hanson Teledyne Phoenix RDS or equivalent
Stirring speed 500 RPM

Dose applied About 250 mg

Orifice surface area 0.636cm?

Dosage lid cap 9x4mm

Replacement volume 0.35mL

Membrane Nylon 0.45 pm, 25 mm

Sampling time points 0.5,1,15,2,3,4,5 &6 (hours)

Media volume 10mL
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TEST VERSUS REFERENCE verify the results. According to the EMA guidance on quality and
The method developed by Recipharm was used to compare the equivalence of topical products, a 90% confidence interval (Cl) for
release profile of both the test and the RLD. The conditions selected the ratio of means of the test and comparator products should be
to show the formulation equivalencies were described in Table 4 contained with an acceptance interval of 90-111%. This is vital to
(occluded). ensure both the innovator product and the generic version are truly

The results generated by Recipharm’s test and reference products bioequivalent.

(see Table 5) were subjected to statistical evaluation to determine The results generated by Recipharm’s test met the acceptance
the equivalency of the formulation. interval, confirming that the test and reference product are

As the product was intended for launch in the European Union (EU) equivalent (see Table 6).

market, Recipharm complied with guidelines set out by the EMA to

Table 5: IVRT drug release profile of test product and reference product

Diffusion study cumulative drug release/diffused (ng/cm?)

Time
(hours)
0.5 071 | 16407 | 17312 | 18950 16943 | 1658.6 @ 1658.6 17447 15759 | 15389 1699.9 16653 17258 55
1 100 | 22788 23228 | 22039 24622 30641 2322.8 24820 24825 24317 @ 26145 | 25914 25814 @ 12.9
15 122 | 37010 | 36212 | 36450 36433 39725 | 37770 | 32177 @ 31836 | 31443 | 33335 33223 32961 | 36
2 141 | 4622.9 43721 @ 42197 | 41863 44767 | 42587 | 4030.0 38512 | 38062 39527 39652 39105 3.9
3 173 | 60049 | 5642.4 | 59103 5384.6 | 56442 5262.8 50983 49280 49574 51945 5342.8 | 50706 51
4 200 | 74013 68145 65040 | 64230 6509.3  6386.8 | 61665 63371 | 6199.3 | 6292.3 60974 62990 58
5 224 | 84508 | 81633 | 7779.0 75469 | 78158 | 7263.5 78406 85268 | 79048 80914 76269 81963 54
6 245 81656 86472 | 90675 | 87725 95517 @ 8669.7 | 8746.8 @ 9122.9  9308.8 | 90857 K 96403 9204.4 | 53
Slope 42401 | 42055 4193.3  4013.5 | 4167.8 3919.2 40715 @ 44513 43733 42407  4302.8 | 43062 3.1
(vs.Sq.Rt of time)
Average
4114.1 4291.0
slope
R-Squared 092 | 097 | 098 099 @ 098 097 098 097 097 098 097 | 097 0.7
(vs.Sq.Rt of time)
Dose
se 1053 | 1076 958 903 | 991 | 103.9 932 | 10.0 1015 991 | 1051 | 100.4  NA
depletion (%)

Table 6: Demonstration of equivalence between reference and test products with Cls within EMA acceptance interval

90% C.I.
i Ratio (%) Equivalent
Upper
Drug ;eleose 96.09 92.32 99.86 Yes
Test vs (R)
reference i

Comulative 95.88 90.50 101.25 Yes
amount (A)
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Method validation

The method validation stage is intended to demonstrate that the
test method used is suitable for its intended purpose. It also
establishes documented evidence, which provides a high degree
of assurance that the method can yield results consistently and
concurrently throughout the process and meet the predetermined
quality attributes.

Table 7: Summary of a validation study for the IVRT method

The method developed by Recipharm was validated for several
parameters, including selectivity (blank and placebo interference),
specificity, linearity, precision and accuracy, recovery, membrane
inertness, intermediate precision and dose discrimination.

From the results below (see Table 7), it can be concluded that the
developed method is specific in terms of excipient interference, linear
for the entire working range, as well as precise about the results.

Parameter Results

Specificity

No significant interference was found at the retention time of analyte peak
due to Diluent (Blank) and Placebo solution.

Linearity The method was linear from 1.2498 mg/mL to 624.900 mg/mL.

Precision & accuracy

The %CV and %nominal are within the limit. The between-run precision and accuracy
of the method is acceptable. Correlation coefficient of Ttst samples is 0.99.

Recovery The % recoveries were found between 99.0%, 100.0% and 100.0% for the tested concentrations.

Membrane inertness

The analyte is stable in the presence of membrane and does not react/ bind to membrane.
Nylon membrane filter 0.45 pm) is suitable.

Intermediate precision Analytical method has acceptable level of reproducibility.

Dose discrimination

The results indicate that the method is capable of distinguishing dose strength of
150%, 100% and 50% and method is discriminative.

System suitability acceptance criteria.

System suitability was established during the complete validation and results met the

QOutcome

As a result of Recipharm’s work, the client received

a validated IVRT method capable of effectively and
reliably demonstrating the equivalence of its product

with a reference product, in compliance with EMA and
intfernational guidelines. The client can now use the results
of this test in regulatory filings to streamline its path to
commercialisation and product launch.
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HOW RECIPHARM CAN HELP MEET YOUR IVRT AND WIDER TESTING NEEDS

As a leading contract development and manufacturing organisation
(CDMO), Recipharm is an experienced partner not just in IVRT
method development, but across a range of analytical approaches.
It has expertise spanning dosage form, manufacturing, formulation,
analytics and method development.

The company’s analytical capabilities include:

» Method development

» Method validation

» Stability and forced degradation studies

» Impurity investigations

Supporting you to overcome drug development challenges

with operational excellence, scientific know-how and customer
connectivity, Recipharm can help deliver your project with certainty.

SECTION 5: WORKWITH EXPERTS TO UNLOCK THE BENEFITS OF IVRT

IVRT is an efficient method for the evaluation of drug release from
semisolid drug products and an effective in vitro tool fo compare test
products against the reference products.

However, to benefit from the advantages of IVRT, it is vital to have
an appropriatfe testing and validation method developed, and this
requires specialist analytical expertise and infrastructure.

As a global CDMO with dedicated analytical method development
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About Recipharm

Recipharm is a leading contract development and manufacturing organisation (CDMO) headquartered in Stockholm, Sweden. We
operate development and manufacturing facilities in France, Germany, India, Israel, Italy, Portugal, Spain, Sweden, the UK and the US
and are continuing fo grow and expand our offering for our customers. Employing around 9,000 people, we are focused on supporting
pharmaceutical companies with our full service offering, taking products from early development through to commercial production.
For over 25 years we have been there for our clients throughout the entire product lifecycle, providing pharmaceutical expertise and
managing complexity, time and time again. Despite our growing global footprint, we conduct our business as we always have and

continue fo deliver value for money with each customer’s needs firmly at the heart of all that we do. That's the Recipharm way.

recipharm.com
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